. Effect of insulin on fructose 2,6-bisphosphate concentration and PFK-2 activity in rat heart Rat hearts were perfused for 15 min with the concentration of glucose indicated, with or without insulin (1 munit/ml). The tissue was freeze-clamped. Fructose 2,6-bisphosphate content and PFK-2 activity in 20% (w/v) polyethylene glycol fraction were measured as described by Rider & Hue (1984 (1 1)
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(7) (7) (4) The isolation of intact functional islets has previously been accomplished either by freehand microdissection (Hellerstrom, 1964) or collagenase digestion (Moskalewski, 1965; Lacy & Kostianovsky, 1967) . Both procedures invarably result in low islet yields. A simple novel method is described which employs the autolytic properties of fresh rat pancreatic tissue to release large numbers of islets from the surrounding acinar parenchyma. The islets can subsequently be purified by brief exposure to collagenase. Fed male albino Sprague-Dawley rats, weighing 408 f 25g, were killed by vervical dislocation. The common bile duct was ligated at its duodenal junction and cannulated near the liver hilus, towards the ligature. Cold oxygenated (19 : l,O,CO,) Krebs solution (Krebs-Henseleit original Ringer bicarbonate, 20 ml) was then injected to inflate the pacreas. The whole organ was excised and balde-homogenized (MSE, 12 000 rev/ min for 60s) in cold Krebs solution (50ml). The homogenate was warmed to 37°C in a shaking water bath (90cycles/min) and allowed to autolyse for 30 min. Collagenase (EC 3.4.24.3., Sigma Type V, 300 units/ml) was then added and digestion and shaking continued for a further 10 min at 37°C. Digestion was halted by pouring into an equal volume of ice-cold Krebs solution. The islets were washed by centrifugation (1OOOg for 30 s at 4"C), discarding the supernatant and resuspending by vortex-mixing in fresh Krebs solution two more times.
Islet numbers were estimated by placing a sample (5ml) of a suitable dilution on a 24cm2 contact plate (Sterilin 504) which has marked 1 cm squares. Islets were counted in four squares using a microscope ( x 10). Islet release rate closely followed the increase in trichloroacetic acid-soluble protein produced by autolysis (Fig. 1) . It is uncertain which autolytic enzymes are involved, although digestive exocrine enzymes may well contribute.
The total number of islets in a single rat pancreas estimated after autolysis alone ranged from 21 7 800 to 478000 giving a mean ~s . E . M . of 347000 f 24.638 (n = 12). Our value is markedly higher than other conservative estimates to date; Overholser (1925) and Hess & Root (1938) proposed that there were approx. 6000 islets per pancreas using vital staining techniques. Pancreas autolysis generally yielded impure islets with small acinar tissue fragments remaining attached. We found that this unwanted tissue was effectively removed by brief exposure to a low collagenase concentration (300 units/ml was the minimum effective concentration, with concentrations of 1200 units/ml and above reducing the islet yield).
Islets appeared normal visually ( x 100) and their viability was confirmed by a concentration-related increase in insulin secretion elicited by D( +)-glucose after 1 h incubation in fortified Krebs solution (Krebs improved Ringer I) at 37°C. The importance of tissue mincing was noted in preliminary experiments. Ultraturrax homogenization destroyed islets; scissor mincing produced large tissue chunks which largely impaired islet release during autolysis, whereas blade-homogenization (MSE) generated small tissue fragments which released islets efficiently during autolysis, and produced by far the largest islet yield. Time (min)
The method described is simple, rapid and highly reproducible, yielding large numbers of intact functional islets (around 350000) from a single rat pancreas. The method should expedite studies which have hitherto been hindered by the exiguous islet yields achievable by existing methods [for example, the widely used procedure of Lacy & Kostianovsky (1967), or that of Shibata et al. (1976) , yields approx. 400 islets per pancrease]. Although the method has been described for the rat, the underlying principle should make it adaptable for other species. , 1983) , several polycation-stimulated (PCS) protein phosphatases have been described. A histone-H, -and polylysine-stimulated phosphorylase phosphatase isolated from aortic smooth muscle (Di Salvo et al., 1983) was successively identified as an important inhibitor-1 phosphatase in vascular smooth muscle (Waelkens et al., 1984) . Other histone-H, -stimulated phosphorylase phosphatase preparations were isolated from rabbit skeltal muscle (Mellgren et al., 1984; Yang et al., 1984) . Using the clear stimulation by polycations when phosphorylase a is used as a substrate as a criterion for isolation, we now demonstrate the existence of three forms of PCS-phosphatases, isolated from rabbit skeletal muscle, named PCS,, PCS, and PCS, according to their apparent molecular mass in gel filtration.
Most materials and methods were as described previously (Waelkens et al., 1984) . Purification of these PCSprotein phosphatases, using both phosphorylase a and inhibitor-1 as substrates, involved DEAE-Sephacel chromatography, ammonium sulphate fractionation, Ultrogel AcA-34 filtration, aminohexyl-Sepharose chromatography (PCS,) or polylysine-Sepharose chromatography (PCS,, PCS,) and Mono-Q-FPLC. For the three PCStype protein phosphatases, the overall yield vaned from 6 to 25%, taking the corresponding total activity recovered from the DEAE-Sephacel as 100%. The PCS,-, PCS,-and PCS,-protein phosphatases had a specific activity of 400,600 and 3000 units/mg respectively in the absence of polycations and 1600,4500 and 5500units/mg in the presence of protamine (10 pg/ml), using phosphorylase a as the substrate. In the inhibitor-1 phosphatase assay the Abbreviation used: PCS, polycation-stimulated. specific activity of the phosphatases was 40, 130 and 200 units/mg respectively.
The apparent molecular mass of the PCS-phosphatases on gel filtration was calculated as 390 kDa, 250 kDa and 200 kDa, using ferritine (440 kDa), catalase (232 kDa) and phosphorylase b (195 kDa) as markers in the high molecular mass range. On sodium dodecyl sulphate/ polyacrylamide-gel electrophoresis all three PCS-enzymes were found to contain 62 kDa and 35 kDa subunits, the latter presumably being the catalytic subunit.
Each phosphatase displays a broad substrate specificity, dephosphorylating phosphorylase a, inhibitor-1, phosphorylase kinase a (a-subunit), casein and myosin light chains. Dephosphorylation of phosphorylase a was stimulated 4-1 0-fold using polylysine, protamine and histone-HI except for the 200 kDa enzyme, where stimulation never exceeded 250%. In contrast, inhibitor-1 phosphatase stimulation by polycations was always restricted to I .5-2-fold, regardless which PCS-enzyme was used.
In contrast to the ATP, Mg-dependent protein phosphatase or its spontaneously active form (Merlevede et al., 1984) all PCS-enzymes were unaffected by modulator protein (up to 5 pg/ml). No relationship with calcineurin (Yang et al., 1982; Stewart et al., 1983) could be found, because of the different subunit composition and since no effect of trifluoperazine (1-1 50 PM), calmidazolium (0.1-1 PM), calmodulin (2 p~) and/or micromolar concentrations of Ca2+ was observed.
The present data demonstrate that multiple molecular forms of PCS-type phosphatase can be isolated from rabbit skeletal muscle. Three PCS-enzymes have now been purified close to homogeneity. Since these PCS-protein phosphatases display different molecular masses on AcA gel filtration, we propose the names PSC, (high molecular mass; 390 kDa), PCS, (medium molecular mass; 250 kDa) and PCS, (low molecular mass; 200 kDa) protein phosphatase.
